IMPORTANCE Few data exist regarding the systemic safety of intravitreal antivascular endothelial growth factor (anti-VEGF) monoclonal antibody (mAb).
However, the systemic safety of these intravitreal agents is unknown. Systemic use of bevacizumab in colorectal cancer therapy has been associated with serious cardiovascular adverse effects, such as hypertension, 19 arterial thromboembolic events, 20 hemorrhage, 21 and death. 22 Because intravitreal antiangiogenic agents have been associated with detectable levels in the systemic circulation, 23, 24 there is a rationale for the potential occurrence of systemic adverse events. Although intravitreal bevacizumab is administered at a dose of 1.0 to 2.5 mg (150 times less than the systemic dose used in cancer), 25 VEGF inhibition may induce systemic adverse effects that could be serious for patients with diabetes or elderly patients who are at increased risk for cardiovascular adverse events. 26 Moreover, some clinical trials 27 suggested that intravitreal use of ranibizumab was associated with a small increase in nonocular hemorrhage risk.
To address these issues, we performed a systematic review and meta-analysis of clinical trials to investigate the risk of cardiovascular adverse events and nonocular hemorrhage associated with intravitreal use of the anti-VEGF mAbs ranibizumab and bevacizumab in patients with wet AMD, DME, and RVO.
Methods

Information Sources and Search Strategy
Studies were identified by searching MEDLINE and Cochrane Central Register of Controlled Trials databases from inception until June 30, 2013, without language restrictions. The following key words were used: bevacizumab, ranibizumab, intravitreal, clinical trial, and randomized controlled trial. We also reviewed the reference lists of meta-analyses and selected studies (eTable 1 in the Supplement).
Eligibility Criteria and Study Selection
The selection of eligible studies was done by one author (M.T.). Inclusion criteria were parallel randomized clinical trials comparing intravitreal ranibizumab or bevacizumab with no treatment (sham) or a non-antiangiogenic treatment in patients with wet AMD, DME, or RVO. Trials that compared different treatment regimens of ranibizumab or bevacizumab were also included in this systematic review for a dose-response analysis. To address clinically relevant cardiovascular outcomes as well as mortality, we only included studies with a minimum 3-month follow-up period.
Risk of Bias Assessment
Two authors (M.T. and T.B.-A.) assessed the methodologic quality of the selected trials according to the Cochrane risk of bias criteria. We considered the following domains: (1) random sequence generation (selection bias), (2) allocation concealment (selection bias), (3) masking of participants and personnel (performance bias), and (4) masking of outcome assessment (detection bias) for adverse events. We considered the risk of bias to be low if masking of participants, personnel, and outcome assessment was adequate; otherwise, the risk of bias was considered to be unknown or high.
End Points
Our main end points were major cardiovascular events using the Antiplatelet Trialists' Collaboration (APTC) criteria 28 and nonocular hemorrhage events. The APTC end point is a composite of nonfatal myocardial infarction, nonfatal ischemic or hemorrhagic stroke, or death due to a vascular or unknown cause. Secondary end points included all-cause mortality, cardiovascular mortality, stroke, myocardial infarction, venous thromboembolic events (VTEs), arterial hypertension, and proteinuria.
Data Extraction
End point data from eligible trials were extracted by one author (M.T.), with a full review of the data extracted by a second author (T.B.-A.), and differences were adjudicated by both authors. We extracted data from the longest follow-up period whenever possible and if fewer than 10% of patients crossed over from the control to active treatment group. When crossover was above 10% we included only data collected before the crossover.
Statistical Analysis
We extracted aggregate data from published reports. We report the results as odds ratios (ORs) with 95% CIs. We conducted a fixed-effects meta-analysis using the Peto method 29 because it is more powerful and less biased in cases of low event rates and no significant imbalance between treatment groups. Our main comparison was anti-VEGF treatment vs control. In trials that evaluated 2 or more doses of the same mAb we preserved randomization but collapsed the different dose and I 2 tests. Heterogeneity was considered significant if the P value was <.1 and considered high if the I 2 value was above 50%.
We planned subgroup analysis to investigate the effect of different covariates on outcome measures: the type of mAb used (ranibizumab or bevacizumab), type of disease (AMD, DME, or RVO), follow-up duration, and study quality.
For primary outcomes, we conducted sensitivity analysis using the fixed Mantel-Haenszel method with a classical (0.5) and a treatment arm continuity correction as described by Sweeting et al 30 and with a logistic method. We performed sensitivity analyses to evaluate the impact of studies in which the control treatment was known to be associated with adverse cardiovascular events (eg, verteporfin). Publication bias was assessed by examination of the funnel plot asymmetry. The rank correlation test and the weighted linear regression test were used to test for funnel plot asymmetry. Statistical analyses were performed using Revman, version 5.1, and R software, version 2.11.1 31 (the meta package 32 ).
Results
Included Studies
The number of studies identified at each stage of the systematic review is shown in Figure 1 . Comparison between ranibizumab and control treatment included 12 studies (n = 4346),* between bevacizumab and control included 2 studies (n = 332), 42, 52 and between bevacizumab and ranibizumab included 4 studies (n = 2181). 13, [43] [44] [45] [46] Follow-up for adverse events was 24 months in 5 studies, 12 months in 13 studies, and less than 12 months in 3 studies. Ten studies compared a high dose with a low dose of ranibizumab: either 0.5 mg or 0.3 mg on a monthly basis, or the same dose in a monthly vs quarterly regimen. For this comparison longer follow-up was possible.
Risk of Bias
Twelve studies (57%) were considered to be at low risk regarding consideration of both performance and detection bias (Table, Figure 2 , and eFigure 1 in the Supplement). Selection bias was judged at low risk in 13 studies (62%) and unknown (information missing) in 8 studies (38%).
Major Cardiovascular Events
Anti-VEGF mAb treatment did not significantly increase the risk of major cardiovascular events (APTC criteria) compared with control treatment, with no significant heterogeneity (OR, 1.18; 95% CI, 0.81-1.71; P = .38; I 2 = 0%) ( Figure 3 and eTable 2 in the Supplement). No asymmetry was observed in the funnel plot (eFigure 2 in the Supplement). The results did not change in sensitivity analysis when different methods to pool the data were used (eTable 3 in the Supplement) or when trials with active verteporfin treatment were excluded (OR, 1.12; 95% CI, 0.76-1.67; P = .56). We found no significant effect of follow-up duration in ranibizumab studies (P = .97 for interaction) (eTable 4 in in the Supplement). The type of disease, type of mAb used, or quality of the studies did not significantly influence treatment effect (P =.98, P =.40, and P = .38 for interaction, respectively) (eTable 2 in the Supplement No asymmetry was observed in the funnel plot (eFigure 3 in 
Discussion
To our knowledge, this systematic review and meta-analysis is the first specifically investigating systemic cardiovascular and hemorrhagic adverse events associated with intravitreal administration of anti-VEGF mAbs in a large population of patients included in randomized clinical trials. We considered studies that included patients with AMD, DME, or RVO to increase the power to detect safety signals and because these diseases are the only approved indications for intravitreal anti-VEGF treatment. Although cardiovascular risks may differ among these populations, randomization allows group comparability and relative risk estimation. These conditions are also associated with a high cardiovascular risk (age, diabetes, and associated cardiovascular risk factors). Anti-VEGF treatment adverse vascular events are therefore more likely to be detected in this population at high risk for cardiovascular events.
Our results suggest that intravitreal administration of the anti-VEGF mAbs ranibizumab or bevacizumab was not associated with an increased composite APTC end point compared with control treatments (sham, laser, and other nonanti-VEGF interventions). The effect on each component of the composite end point was not homogenous. We observed nonsignificant increases in stroke and cardiovascular death risks, but no effect on myocardial infarction. No increased risk of hypertension was apparent, but this end point was heterogeneously reported in clinical trials. The nonsignificant increase in stroke risk observed in our meta-analysis is consistent with previous findings in a pooled analysis of 5 studies in patients with AMD. 57 Controversial results were published regarding the risk of myocardial infarction and stroke in patients treated with intravitreal anti-VEGF mAbs. [58] [59] [60] [61] [62] All of these studies were observational (case-control or retrospective cohorts) and therefore subject to biases even if adjustment for confounding factors was performed in some of them. We did not observe any significant differences in APTC risk or in its components between bevacizumab and ranibizumab despite a rationale for a potential risk increase with bevacizumab. Both ranibizumab and bevacizumab undergo sys- Table footnote for the expanded names of the studies.
Research Original Investigation
Intravitreal Anti-VEGF Monoclonal Antibodies cizumab may increase vascular inflammation and platelet activation and therefore the development of thrombosis. Nonocular hemorrhagic events were not significantly increased with ranibizumab compared with control groups. No hemorrhagic events were reported in bevacizumab vs control studies. The increase in nonocular hemorrhagic risk was significant in patients with AMD who received ranibizumab, consistent with the MARINA 27 study results and a recent metaanalysis by Schmucker et al. 65 This finding could be explained by the confounding effect of age, a factor known to increase bleeding risk in medically ill patients. 66 No significant hemorrhagic risk was apparent in patients with DME or RVO, but the number of reported events was low. To our knowledge, this is the first meta-analysis to report VTE risk with intravitreal anti-VEGF treatments compared with control treatments. Only 2 studies 49,51 reported 4 VTE events with ranibizumab in patients with DME, showing a nonsignificant increase with a very wide CI. When combined, 2 studies 44,45 showed a significant increase in VTE risk with bevacizumab when directly compared with ranibizumab. An increased VTE risk associated with systemic bevacizumab in patients with cancer has been reported.
67
A nonsignificant increase in total mortality was apparent with intravitreal anti-VEGF mAbs compared with control treatment, consistent with both ranibizumab and bevacizumab, but this finding should be interpreted with caution, given the limited statistical power of the included studies. A previous meta-analysis 22 showed a significant increase in bevacizumabrelated mortality in patients with cancer mainly because of hemorrhagic events, but also because of VTE and stroke; however, doses of bevacizumab were much higher and were administered by the systemic route.
Study Limitations
We acknowledge several limitations of our meta-analysis. First, cardiovascular and hemorrhagic events were secondary safety outcomes, and therefore inherently subject to potential detection or reporting bias. These biases were difficult to evaluate because included studies contained limited information on how harms were reported. Four studies only men- tioned arteriothrombotic or thromboembolic events as being specifically assessed. Several studies reported zero events, which could be problematic, but our results were consistent even when using different methods to pool the data. The present review focused on published clinical trial data; publication bias resulting from unpublished trials cannot be excluded even if all tests for funnel plot asymmetry were nonsignificant. We included data from the Elman et al 50 study, despite reporting of adverse events according to study participants rather than eyes randomized. This resulted in a received-treatment and not intention-to-treat analysis. We believed that the sample size of this study justified its inclusion, even if it could generate potential bias. However, excluding this study did not change our final results (data not shown). Finally, our results should be interpreted as safety signals that need to be confirmed. Indeed, included studies were of small sample size and therefore not powered enough to show an increase in adverse events risk. Furthermore, the multiplicity of comparisons in this meta-analysis could have led to spurious findings. By using the Framingham risk score we estimated that the baseline risk score of patients with AMD would be approximately 3.5% annually for major cardiovascular events. In this hypothesis, more than 20 000 patients would be necessary to have 80% power to show a 19% increase in APTC risk by anti-VEGF treatment; this population is far more than the 4162 patients included in the APTC evaluation in the present meta-analysis. The lack of statistical significance of our results may be the result of a lack of effect of these treatments on cardiovascular events, or, as mentioned above, a lack of power of the analysis. Furthermore, the long-term effect of these treatments (>2 years) needs to be evaluated.
Conclusions
Our meta-analysis suggests that intravitreal administration of anti-VEGF mAbs is not associated with significant increases in risks of systemic cardiovascular and hemorrhagic events or in overall mortality, cardiovascular mortality, or stroke in elderly patients. However, some safety signals, such as nonocular hemorrhagic risk in older patients with AMD observed with ranibizumab and VTE risk with bevacizumab, warrant continued monitoring in sufficiently powered studies. Studies of these safety risks are needed to establish the relative safety of offlabel use of bevacizumab compared with ranibizumab and of both drugs compared with placebo. 
